Temperature dependencies of retardation, electron susceptibility and linear thermal expansion for three crystal-physic directions are obtained by means of optical investigations of the ferroelectric phase transition in TGS crystal using the James-type interferometer. Temperature dependencies of the spontaneous changes of the characteristics studied in the 39-49
Introduction
It is known, that critical behaviour of spontaneous polarization P s at the 2nd order phase transition (PT) in a crystal is described by the critical index β,
where T c is the PT temperature [1] . Temperature dependencies of the refractive indices and linear thermal expansion of TGS in the range of PT have already been studied [2] [3] [4] , but the corresponding critical indices have not been determined.
The goals of the present investigation were precise measurements of temperature dependencies of interferometric retardation of the sample-air type for the TGS in the range of 2nd order PT at 322 K, calculating the temperature dependencies of refractive indices and linear thermal expansion for the main crystallophysic directions of the crystal, as well as studying these dependencies using the corresponding critical indices 2β. Temperature dependencies of retardation by the susceptibility η for two interfering beams, one of which has passed through a sample studied, and the other one through the air, were measured using the home built Jamen type interferometer. In this case the retardation D can be written in the form
Methods, results and discussion
where n is the refractive index of the sample. The laser light of the wavelength λ=632.8 nm was used in the experiments.
Proceeding from the relation (2), the temperature changes of relative retardation ∆D/D along the three crystallophysic directions can be written in the form of a system of linear equations
where index i denotes the direction of light propagation, index j denotes the direction of light polarization. Based on the six temperature dependencies ∆D ij /D ij measured we have determined the relative temperature changes of geometric thickness ∆l i /l i and susceptibility ∆η j /η j [5] . Results of the computer calculations have shown, that the relative errors of determining the temperature changes of geometric thickness δl i /l i and susceptibility δη j /η j after solving the system (3), did not exceed 5% of the respective maximum magnitudes ∆l i /l i and ∆η j /η j for the case of TGS crystal. The initial l i and η j values were measured independently at the initial temperature T 0 . The error of determining the interference order was δm(T ) 1/4, that corresponds to the errors of δD/D ∼ δl/l ∼ δη/η ∼ 10 −5 in our case (l=5 mm and n=1.5). Temperature dependencies of relative changes of retardation ∆D ij /D ij for TGS crystal are shown on figure 1. The temperature dependencies of the changes of the geometrical thickness ∆l i /l i and the refractive indices ∆n j /n j of the TGS crystal calculated using the system of equations (3) Based on the known relation for temperature changes of the order parameter p for 2nd order PT in the T < T c range,
we have calculated the double critical indices 2β, replacing P 2 s value by the spontaneous increases of ∆Y s (T )/∆Y s (T min ) (Y =D, l and η). Here T c =49
• C is the temperature of PT, T min is the lower edge of the temperature range studied (T min =39
• C in our case), ∆Y s (T ) and ∆Y s (T min ) are spontaneous increments, corresponding to the T c and T min temperatures. The double critical indices 2β for TGS in the range of 39-49
• C are shown in table 1. The results obtained testify to not exact fulfilment of functional dependencies for the quadratic electrooptic effect ∆n s ∼ P 2 s and electrostriction ∆l s ∼ P 2 s . If these effects were displayed in the form indicated, then the double critical index 2β would be equal to unity, 2β=1. Therefore we have to explain the fact that 2β values are different from the unity.
Analytical description of the observed temperature dependence of retardation ∆D s /D induced by spontaneous polarization can be presented in the most common form
where a(τ ) is temperature dependent coefficient. It follows from the character of experimental dependencies of spontaneous increases of ∆D s /D, ∆l s /l, and ∆η s /η, that the corresponding a(τ ) coefficients are maximal in the region of PT. To obtain additional proofs of the validity of this viewpoint, we performed an experimental study of artificially induced electrooptic effect in TGS crystal in the temperature range of 30-65
• C. This investigation was carried out in the same arrangement as was done for the same effect induced by spontaneous polarization. External electric field of E ≈ 3.5 kV/cm magnitude was applied to the sample at different temperatures along the [010]-direction of spontaneous polarization P s , and the corresponding induced increments of the retardation ∆D e /D were measured. The maximum-like ∆D e /D temperature dependence obtained (figure 4) correlates well with the temperature dependence of a(τ ). This maximum-like character of the coefficient mentioned is connected with the non-equality of 2β < 1.
The results obtained can be considered from another viewpoint. Analysis of the The latter features can be interpreted as different rate of the ordering of two subsystems, one of which determines electron susceptibility and the second one is connected with geometric parameters of the crystal unit cell for the directions [100] and [001] . The equality 2β
for the direction of spontaneous polarization [010] can be interpreted as high degree of correlation of the above mentioned subsystems in TGS crystal. From such a viewpoint, the observable inequalities of the indices 2β
1,3 testify to various speeds of temperature changes of the corresponding subsystems of the crystal in the temperature range (∆T ∼ 10
• C) below PT point. It is seen from figure 6 , where two temperature dependencies of derivatives of the values on the figure 5 are presented for two different indices β 1 and β 2 . The crossing of the curves, corresponding to two different indices β (figure 6), will take place in all cases, if the experimental temperature dependence of the values studied (V = ∆D s /D, ∆l s /l, ∆η s /η) is described by the power like law, V ∼ τ 2β . Such a peculiarity in the temperature dependence of different parameters can be characteristic to the ferroelectric crystals.
Conclusion
1. Deviation from the unity of the double critical index 2β for the temperature dependencies of the changes of susceptibility and geometric thickness of TGS sample induced by spontaneous polarization is explained by significant maximum-like temperature dependencies of the coefficients of electrooptic, inverse piezooptic, and electrostriction effects.
2. An anisotropy of the critical indices 2β • C below T c .
